The gross effects of withholding potassium from the diet of young rats has been the subject of a number of investigations (Osborne and Mendel, 1918; Miller, 1923; Leulier and Vanhems, 1934; Schrader, Prickett and Salmon, 1937; Grijns, 1938; Heppel and Schmidt, 1938) . In general it was found that the deficiency results in failure to continue growth followed by death after a variable number of weeks.
No reports are available in the literature dealing with chemical studies of the tissues of potassiumdepleted animals.
The present investigation was designed to determine the effect of potassium deprivation on the concentration of the principal electrolytes in serum, muscle and liver tissue.
In normal muscles the concentration of potassium is much greater than . that of sodium. It is generally held that potassium is concentrated inthe intracellular phase while sodium is largely restricted to the extracellular phase (see Fenn, 1936, and Hastings 1939) . The most striking result of the work reported here lies in the fact that the muscles of animals deprived of potassium take up sodium instead of potassium. This occurs to such an extent that in some instances the muscles of the experimental animals are found to be richer in sodium than in potassium. We have here a clear-cut example of a condition in which sodium must occur largely as an intracellular cation.
EXPERIMENTIQL.
The composition of the diets is given in the footnote.l The rice-bran extract and liver extract were treated to remove potlassium according to the procedure used by Miller (1923) . This involved the precipitation of potassium bitartrate from an alcoholic solution of the extract. After removal of the precipitate, the filtrate was concentrated Young albino rats from the stock colony were transferred to the experimental ration when they reached a weight of 90 to 100 grams.
The potassium-deprived rats were maintained on the diet for a period of approximately 45 days.
In most cases there was no change in weight during this time. Some of the animals, however, gained up to 20 grams while a few others lost up to 15 grams.
No external abnormalities became evident except for a little roughening of their fur. Studies of the gross and histological changes in the tissues are now being carried out (see Schrader, Prickett and Salmon, 1937) .
A group of control animals were maintained on the same basal diet supplemented with potassium hydrogen phosphate, so that it contained 0.55 per cent of potassium.
These rats gained from 20 to 30 grams in weight per week.
(Growth curves have been published by Heppel and Schmidt (1938) .)
They were sacrificed after subsisting on the ration for 35 days.
The third group of animals whose tissues were analyzed consisted of young rats from the stock colony weighing approximately 90 grams. At the end of the experimental period the rats were pooled for analysis into groups of 2 to 3 animals, as indicated in the first column of tables 1 and 2. At first the blood was collected without exposure to air while the animals were under urethane anesthesia, as described by Smith and Smith (1934) .
This method was used in the case of the first four groups of rats listed in table 1. The deficiency seemed to render the animals particularly sensitive to anesthetics and it was difficult to adjust the dosage. For this reason, all of the other groups of rats were killed by decapitation and the blood was collected in a centrifuge tu once and serum removed for analysis.
The livers were then quickly removed, dissected off and freed of gross masses of be . The blood was centrifuged at after which the leg muscles were fat and connective tissue.
All of the tissues were weighed in covered receptacles, placed in an oven at lOO"C., and dried until constant weight was attained.
The tissues were then ground to a powder and returned to the oven for several days. After this, they were stored in glass stoppered flasks and aliquots taken for analysis.
ANALYTICAL
METHODS.
Serum chloride was determined by the method of Van Slyke as modified by Manery et al. (1938) .
The samples of dried tissue were subjected to the preliminary alkaline digestion which was suggested by Sunderman and Williams (1933) .
For the remaining analyses the serum and soft tissues were ashed overnight in a muffle furnace at 500°C.
Platinum crucibles were used. Sodium was determined by the Butler and Tuthill modificatlion of the Barber and Kolthoff method (1931) .
For potassium the Shohl and Bennet method as modified by Fenn et al. ( 1938) was employed. Tissue phosphorus was determined by the procedure of Fiske and Subbarow (1925) ) using a magnesium oxide-magnesium nitrate fusion mixture. Fenn et al. (1936 Fenn et al. ( , 1939 Because of lack of material, duplicate determinations for potassium were carried out on only half of the samples of mixed sera. All of the other figures in table 1, with but a few exceptions, represent the average of at least two analyses.
The mean difference between duplicate potassium analyses was 1.5 per cent, sodium 1.8 per cent, phosphorus 1 .O per cent, chloride (on serum) 0.6 per cent, chloride (on liver and muscle) 3.4 per cent. The analytical data are shown in table 1. Each horizontal row of figures represents analyses of serum, muscle and liver which refer to the same group of rats. For comparison, data obtained by other workers are also included.
It is evident that a deficiency of potassium leads to a decreased level of potassium in the serum. In the case of sodium, the average value for A decrease might be expected in view of the blood findings. However, in the case of muscle t)issue of these same animals, the content of chloride falls within normal limits.
As for sodium, the differences observed between the normal and the depleted rats are no larger than the variations noted for stock animals in different laboratories (see figures from Harrison and Darrow (1938) , given in table 1). Conceivably, the liver might have responded to the deficiency by suffering a decrease in size, but with no large change in its composition.
However, t,he weight of the liver, calculated as per cent of the total body weight, is roughly the same for both deficient and normal animals.
The most striking alterations occur in the sodium and potassium content of muscle tissue.
Compared to the various animals on adequate rations, the potassium-deprived rats show a decrease of almost 50 per cent in the potassium of muscle and a concomitant rise in the level of sodium which averages 290 per cent. Total phosphorus and water show no changes.
DISCUSSION. Certain calcu lations on electrolyte distribution have been carried out, and the results are shown in table 2. The amount of sodium which occurs in the extracellular water per kilo of fresh tissue has been estimated for both liver and muscle.
The usual assumption has been made that all of the tissue chloride found by analysis is confined to the extracellular phase, and that this phase is identical with an ultrafiltrate of serum.
Manery and Hastings (1939) have described the method of calculation in detail.
It is evident that there is a very remarkable increase of intracellular sodium in the muscle tissue of potassium-depleted rats, as compared with normal animals.
In the control group, almost all of the muscle sodium can be assigned to the extracellular space. This holds true also for normal rats studied by other workers (Fenn and Cobb, 1936; Harrison and Darrow, 1938; Eppright and Smith, 1938; Manery and Hastings, 1939) . In the deficient animals, on the other hand, there is usually more intracellular sodium than extracellular sodium in muscle.
With two exceptions, there is approximately twice as much or more than twice as much sodium within the cellular phase as there is in the extracellular fluid.
Potassium is, for all practical purposes, entirely intracellular in location in the muscles of both the depleted and the control animals.
It should be noted at this point that slightly more potassium is lost by the muscles of potassium-deficient rats than corresponds to the gain in sodium. Presumably there are changes in other constituents, possibly in magnesium or calcium, which make up the deficit.
The occurrence of intracellular sodium in the muscles of rats has been reported by Eppright and Smith (1938) . These workers maintained young animals on a diet generally deficient in inorganic salts for a period of 60 days.
With this diet, smaller alterations were observed than were LEON A. HEPPEL found in the present investigation. Their average figure for muscle sodium was 19.6 mM. per kilo, of which about 6.0 mM. could be assigned to the intracellular space. According to Harrison et al. (1936) , about 10 per cent of the sodium of dog muscle could not be accounted for in the same volume of extracellular water which contained the chloride. Hastings and Eichelberger (1937) have also found a small amount of "excess sodium" in the muscles of dogs, which they assigned to the intracellular phase.
A few experiments were carried out in which the muscles of the depleted animals were stimulated through the nerve.
The apparatus and experimental procedure were the same as already described by Fenn (1938) . It was found that the gastrocnemius muscle group of these rats was able to exert from one-half to two-thirds as much tension against an isometric lever as was the case for normal rats of the same size. However, after the first few minutes there was no evidence of fat!igue during a 30 minute period of intermittent tetanus (i.e., a half-second tetanus every second). The reduced tension may have been due to impaired circulation or other conditions resulting from poor nutrition.
It does not necessarily mean that the functional ability of the muscle fibers was altered by a change in their chemical composition.
The histological appearance of liver and muscle tissue in potassium deficiency has not been studied in great detail. However, in a preliminary survey no abnormalities were discovered. No experiments were performed in which animals were serially sacrificed in order to study the time course of the changes in muscle.
A few rats were killed after being on the potassium-low diet for 25 days instead of the usual 45 day period.
On analysis, it was found that the potassium content of muscle fell from the normal level of 110 mM. per kilo to 86 mM. per kilo after 25 days; and after a depletion period of 45 days it was depressed to a level of 64 mM. per kilo.
No further reduction could be achieved by continuing the experiment until the rats became moribund.
In the case of liver tissue, the calculation of sodium distribution leads to a kind of paradox (see table 2). Almost without' exception, the actual total amount of sodium per kilo of liver is less than the calculated amount of extracellular sodium. Harrison and Darrow (1938) have called attention to this situation, which they presumed to be due to the large amount of red cells included in the samples of liver.
However, Fenn (1939) has estimated the concentration of blood left in liver samples by doing red cell counts on an aqueous suspension of the tissue.
When the animals were bled to death and the tissues blotted 0.7 to 3.0 per cent. of blood was found to remain in the liver.
This amount is quite inadequate to account for the preponderance of chloride compared to sodium which was found by analysis.
It is, therefore, more logical to assume that liver contains an intracellular phase, not composed of blood cells, which contains an excess of chloride over sodium.
In the liver tissue of rabbits, according to Manery and Hastings (1939) 3. The muscles of animals deprived of potassium take up sodium in large quantities and lose potassium.
In some cases the muscles become richer in sodium than in potassium.
4. In the muscles of normal rats most of the sodium is extracellular in position.
However, in the muscles of potassium-deprived rats most of the sodium is confined to the intracellular phase. Potassium occurs practically entirely within the intracellular phase in both normal and depleted animals.
5. The liver tissue of the potassium-deprived rats shows no large in the electrolyte picture.
The weight of this organ, calculated as changes per cent of body weight, does not become altered.
There is more chloride than sodium in the liver tissue of both normal and potassium-depleted rats, although the reverse relationship holds for serum.
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